Empty fruit bunch (EFB) waste is produced in large amount in Malaysia from intense oil palm agriculture activity. Direct usage of EFB as a source of energy is not economically feasible and ideally should be upgraded before it can produce green energy economically. Current gasification processes produces a lot of tar while yielding low amount of hydrogen. Flash gasification of EFB with the presence of catalysts shows improvements over the uncatalysed reaction. In this study, by using a high surface area support catalyst of ZSM-5 with the presence of 1% Ni, Zn, or Fe metal loading is sufficient to enhance the hydrogen production. ZSM-5, NiO/ZSM-5, CuO/ZSM-5, Fe 2 O 3 /ZSM-5 and ZnO/ZSM-5 catalyst with 1 wt % loading were prepared via the wet impregnation method. XRD patterns of the prepared catalysts shows almost identical peaks patterns which indicates high dispersion of dopants on the support catalyst Flash gasification was carried out at 900°C under isothermal heating conditions with 10 sccm 4.99% O 2 diluted in He. Syngas produced was then analysed using an online quadrupole mass spectrometer. Catalytic activity for hydrogen production is the highest for NiO/ZSM-5 followed by ZnO/ZSM-5, Fe 2 O 3 /ZSM-5, ZSM-5.
Introduction
The research for energy production via sustainable means has intensified recently. High dependency on fossil fuel as a source of energy contributes to the greenhouse effect. Large amount of biomass waste from intense human agriculture activity can be used as a fuel for sustainable energy production. Currently, biomass waste are used directly as a fuel in boilers for energy production. This process is not economically feasible and also produces a lot of problems to sustain the boilers for optimum energy production [1] . Upgrading the biomass waste beforehand via processes such as gasification or pyrolysis can produce energy in a more efficient manner. Biomass such as EFB, sawdust and many more has been used as a feedstock for hydrogen production from gasification [2] [3] [4] . Biomass with no nutritional value whatsoever or a by-product of agricultural activity from food production are ideal feedstock because it avoids direct competition of agriculture land for fuel production [5] . Gasification of a high lignin content feedstock produces high amount of polyaromatic compounds generally known as tar. Tar formation reduces hydrogen production because some of the hydrogen are trapped as tar. To increase the hydrogen production, tar production should be reduced. The tar production can be reduced by taking advantage of the tar cracking reaction. (Eq. 1). pC n H x → qC m H y + rH 2 (1)
Where pC n H x is a heavier hydrocarbon and qC m H y is a lighter hydrocarbon. The tar cracking reaction (1) converts the high molecular weight hydrocarbons into lower molecular weight hydrocarbons and hydrogen. Tar cracking reaction can be classified into 2 types: (a) thermal, and (b) catalytic. The catalytic tar cracking reaction can take place at temperatures as low as 550°C while thermal tar cracking requires reaction temperature as high as 900°C to have high production of gaseous products [6, 7] . The gasification process typically requires temperature as high as 900°C for high carbon conversion and lower tar production. The addition of catalyst into the gasification process further reduces the tar content from the gasification process while increasing the hydrogen production.
The usage of a fast gasification process for a batch reactor decreases the reaction time and at the same time provide a close approximation to commercially available continuous feeding gasification reactor. Higher heating rate during gasification will favour the production of gas over the production of tar especially with lignin rich biomass [8] . The higher heating rate also reduces the time needed for the gasification reaction to reach completion with in turn reduces the overall cost of operation and energy expenditure [2] .
Nickel based catalyst has been widely studied for their role in increasing the hydrogen production by promoting the tar cracking reaction. Various researcher uses tar model compounds to study the feasibility, selectivity, and stability of the catalyst for hydrogen production [7, 9, 10] . Nickel based catalysts was also tested using actual biomass and was found to be effective as well [11, 12] . However, the high cost of production for the nickel based catalyst coupled with its short lifespan due to deactivation from carbon deposition makes it hard to be commercialised. The usage of a high surface area support catalyst coupled with a low metal dopant loading catalyst can reduce the cost of production at the same time produce sufficiently good hydrogen production.
Commercially available zeolites such as ZSM-5 is an ideal candidate as a support catalyst because it possesses tar cracking properties and a high surface area while being used extensively in the petrochemical industry [13] . Other less expensive metal based catalyst alternatives can be used to enhance the hydrogen production for the gasification reaction. Metal oxides catalysts such as oxides of iron, copper, and zinc can also increase the hydrogen production during catalytic gasification reaction [14] . These less expensive metal oxide based catalysts are not as effective as the nickel based catalyst but is worth investigating.
Methodology

Biomass Preparation
Raw EFB fibre was obtained from the biorefinery plant in UPM. The fibre was then dried for a week to remove moisture content introduced during the fibre processing process. The fibre was then grinded into smaller size and was sieved to ≤ 250 µm powder.
Catalyst Preparation
5 g of ZSM-5 zeolite (ammonium) with Si:Al ratio of 30:1 from Alfa Aesar was used as a support catalyst for all of the catalyst synthesised. The support catalyst was calcined to convert the ammonium zeolite into hydrogen zeolite. 1 wt % of metal in the form of metal nitrate was diluted in appropriate amount of DI water. The metal nitrate solution was then mixed with the calcined ZSM-5 support catalyst and was stirred for 6 hours under atmospheric condition. The slurry was then dried in an oven at 100° for 12 hours to remove the water content from the slurry. The dried catalyst precursor was then grounded into fine powder and was then calcined at an appropriate temperature. The calcined catalyst was then labelled ZSM-5, NiO/ZSM-5, CuO/ZSM-5, Fe 2 O 3 /ZSM-5 and ZnO/ZSM-5 respectively according to the metal doped.
Characterisations
The catalyst synthesised was then characterised using Brunauer, Emmett and Teller (BET) surface area measurement and powder X-Ray diffraction (XRD). Energy Dispersion X-Ray Spectroscopy (EDS) analysis was used to confirm the presence of metal dopants on the surface of the catalyst. EFB fibre was also send for ultimate analysis to determine its composition.
Catalytic Test
0.3 g of EFB powder together with 0.06 g of catalyst sample was loaded into the stainless steel piping setup as shown in Fig. 1 . Quartz wool was used to separate the catalyst from the EFB and also to act as a support for the EFB in the stainless steel piping. The glass wool also prevents the catalyst from being pushed upwards by the gas flow. A cotton wool trap was used to trap large particles such as ash particles or char that are produced during the reaction. A cold trap immersed in an ice bath was used to condense any tar or volatile compound formation from the product gas before analysis. 10 sccm of 5% O 2 diluted in He was flowed through the stainless steel piping setup in an updraft orientation. The 5% O 2 gas diluted in He was allowed to flow through the stainless steel piping for 10 minutes prior to starting the reaction to ensure that the atmosphere inside the piping only contains the desired reaction gas. The outlet of the stainless steel piping setup was then connected to an online quadrupole mass spectrometer. The furnace was preheated to 900°C and the stainless steel piping setup was then swiftly placed into the furnace for isothermal heating. The reaction carried out for an hour and the gas produced was analysed in real time using the online quadrupole mass spectrometer. Table 1 shows the ultimate analysis of the EFB powder prepared Table 2 shows the BET surface area measurement of all of the prepared catalyst. All prepared catalysts shows a specific surface area of 330 m2/g and above. With the loading of 1 wt % of metal onto the ZSM-5 support catalyst, it is expected that the metal oxide formation should be finely dispersed throughout the catalyst surface used. 2 shows the XRD patterns of the catalyst prepared. ZSM-5 shows the characteristic peaks associated to ZSM-5 with Al:Si ratio of 30 (JCPDS No. 00-044-0002). Promoted ZSM-5 shows near identical XRD patterns across all catalyst synthesised with the promoted catalyst shows lower intensities compared to the unpromoted ZSM-5. The lower intensity indicates the reduced crystallinity of the ZSM-5 after being doped with metal oxide. This is expected as the deposition of metal oxide on the surface of the ZSM-5 is dispersed on the support catalyst with large surface area. Several researchers reported that low amount of metal oxide dopant on a high surface area support will not show any peaks corresponding to the metal oxide being used [15, 16] . This could also mean that the metal oxide promoter is too finely dispersed on the surface of the ZSM-5 [17] .
Results & Discussions
Catalyst & Biomass Characterisations
Figure 2. XRD patterns of catalysts
EDS analysis of the prepared catalysts revealed the presence of metal oxide on the surface of the support catalyst which the XRD analysis failed to detect. Fig. 3 shows the spectrum for all of the catalyst prepared. The intensity of the metal promoter is very low which corresponds to the low amount of metal loading for each catalyst prepared. Catalytic Performance Fig. 4 shows the mass spectrum for hydrogen production during the flash gasification of EFB biomass. All reaction conducted shows an initial spike in hydrogen production which can be seen right before the 2 minutes mark. The initial spike in hydrogen production is the result of the isothermal heating at 900°C during the flash gasification process. If a lower heating rate was used, the spectrum will not show a massive spike but instead a gradual increase of hydrogen production. The uncatalysed reaction also shows a small amount of hydrogen production during the flash gasification that are contributed by the ash content within the EFB biomass. EFB biomass naturally contains inorganic metal oxides such as K and Na which can acts as a catalyst on its own and increase the hydrogen production [18, 19] . For comparison purposes, ZSM-5 catalyst without any metal dopants was used as a baseline reference to the other reaction.
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Proceeding of International Conference on Mining, Material and Metallurgical Engineering 2016 Fig. 4 , the percentage increase in hydrogen production of each catalyst can be calculated with respect to the uncatalysed reaction by calculating the area under the graph. The NiO/ZSM-5 catalyst shows the greatest increased in hydrogen production compared to the rest of the catalyst throughout the reaction time as seen in Fig. 5, 6 , and 7. This is expected from a nickel based catalyst as nickel oxide has great properties towards the tar cracking reaction [20] . Figure 5 . Percentage increase in hydrogen production with respect to the uncatalysed reaction for the first 2 minutes Fe 2 O 3 /ZSM-5 catalyst also shows good tar cracking properties according to Fig. 4 and 6 as it shows high hydrogen production compared to the rest. Other researchers also take advantage of Fe 2 O 3 tar cracking properties by using it as a secondary dopant with the nickel catalyst [21] . Interestingly, the first 2 minutes of the flash gasification process for Fe 2 O 3 /ZSM-5 shows a lower hydrogen production than the ZSM-5 catalyst. This might be because of the lower hydrogen production rate at the beginning of the reaction. Hydrogen production for the Fe 2 O 3 /ZSM-5 catalyst shows the 2 nd highest hydrogen production up to the 11 th minute mark. Figure 6 . Percentage increase in hydrogen production with respect to the uncatalysed reaction for the first 11 minutes ZnO/ZSM-5 catalyst shows the 2 nd highest increase in hydrogen production at the 31 st minute mark compared to the rest of the catalyst prepared. The increase in hydrogen production mainly comes from the time period between the 11 th minute and the 31 st minute. During this timeframe, there is a broad peak corresponding to hydrogen production as seen in Fig. 4 . The hydrogen production corresponding to this broad peak could be as a result of the cracking of biochar formed during the flash gasification process. The NiO/ZSM-5 catalyst also shows this broad peak in the same timeframe which also indicates the cracking of the biochar formation. Figure 7 . Percentage increase in hydrogen production with respect to the uncatalysed reaction for the first 31 minutes Fig. 7 shows that CuO/ZSM-5 catalyst has a lower hydrogen production than the uncatalysed reaction which is represented by the negative percentage value. This is because CuO does not have any tar cracking properties but possesses very good catalytic activity towards the water-gas shift reaction [22] . However, the water-gas shift reaction doesn't play a big role in this reaction. CuO catalyst in steam gasification would ideally show higher hydrogen production. The presence of CuO on the surface of the ZSM-5 catalyst somehow inhibits the hydrogen production as a whole. This can be seen in Fig. 5, 6 and 7 whereby the CuO/ZSM-5 shows lower hydrogen production compared to the ZSM-5 catalyst.
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Conclusion
The catalytic flash gasification reaction produces high amount of hydrogen gas during the first 2 minute of the reaction. NiO/ZSM-5 catalyst shows the highest hydrogen production followed by ZnO/ZSM-5, Fe 2 O 3 /ZSM-5, ZSM-5 catalysts. However the CuO/ZSM-5 catalyst shows a lower hydrogen production compared to the uncatalysed reaction. For the flash gasification process with 5% O 2 diluted in He, the tar cracking reaction is the main reaction which contributes to the hydrogen production. Because of this, a WGSR active catalyst such as CuO doesn't provide any contribution to the hydrogen production.
1 wt % of metal loading is sufficient to enhance the hydrogen production with the usage of a high surface area support catalyst.
